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Forward 
Medicinal and aromatic plants (MAP) have been essential resources for human health from 
ancient times to the present day. The majority of the world’s population depends on 
traditional medicine for primary health care needs. More than 35.000 plant species are used in 
herbal medicine and as spices, out of the most are of a local importance due to traditional use. 
Because of their increasing appliance in pharmaceutical, food, cosmetic and beverage 
industry, as well as use in folk and official medicine, veterinary and plant protection, herbal 
industry has been recognized as an important element of global economy. Together with 
growth in global demand for medicinal plants and in local demand for plant based traditional 
medicines, the pressure on the existing populations of medicinal plants has increased 
tremendously during the last few decades. The extinction or scarcity of these plants is not 
only a problem for conservation – it also results in serious problems for people’s health and 
livelihoods. Cultivation may reduce harvesting pressure on some wild species, particularly 
rare and threatened species, and thus can also be an important production strategy that 
supports conservation.   South East Europe is particularly appreciated for richness in 
indigenous MAP resources and long tradition in use of MAP and their products. The region is 
known as one of the main suppliers of MAP raw material into EU and US. In addition, 
medicinal plants were being the subject of a great scientific interest in the SEE region, where 
significant contribution to understanding of various research aspects in number of MAP 
species was achieved by Conferences on Medicinal and Aromatic Plants of Southeast 
European Countries, under organization and support of the Association for Medicinal and 
Aromatic Plants of Southeast European Countries (AMAPSEEC) established in 2000 by the 
Institute for Medicinal Plant Research “Dr Josif Pančić”, Belgrade, R. of Serbia. We are very 
proud that,the 8th Conference on MAP of SEE countries took place in Durres, Albania, after 
the second was held in Greece, the third in Slovakia, followed by Romania, Czech Republic, 
Turkey and Serbia.  The 8th  CMAPSEEC gathers together not only the researchers from 
SEE region, but from all over the world. At the Conference participated over 320 researchers, 
experts, company’s representatives and guests interested in MAP diversity, biology, 
conservation, ecology, phytochemistry, pharmacology, breeding, cultivation and 
biotechnology. Near 283  summaries of research contributions were presented, out of about 
100 in the form of full papers. All contributions covered very different research areas, and 
were classified into to the three distinct groups: “MAP diversity at all levels and tools for its 
evaluation", “Pharmacology and biological effects of active MAP compounds” and “Map 
cultivation, breeding and biotechnology”. 
The full papers, categorized as review papers and original scientific papers, within this 
proceedings were reviewed by our Scientific Committee. In addition, a small group of papers 
was issued either without referring on reviewer’s comments. However, we decided to include 
them as well, considering the subjects and research approaches interesting.   We strongly 
believe that presented results will contribute to a general knowledge on MAP, and will 
encourage both young researchers and processing companies to deal with many species 
whose composition and biological effects were appointed as promising.  Moreover, we hope 
that pleasant and collegial atmosphere additionally contributed to establishing of the new 
professional and personal contacts and to strengthening of the ones already established. 
Finally, strong network on scientists and professionals interested in MAP under AMAPSEEC 
umbrella might bring new project ideas and new value in the near future. 
Editors, Prof. Dr. Zora Dajić Stevanović and Assoc. Prof. Dr. Alban Ibraliu 
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Foreword from the Minister of Education and Sports 
Mrs. Lindita Nikolla 
Ladies and Gentleman 
Please Allow me to initially  thank the organizers of this special event, who made possible 
this important conference regarding scientific research in Albania. 
I also wish to express my congratulations to all the participants in the conference and to the 
authors of the research work to be presented today, especially our foreign guests. 
Todays conference is important, because scientific research is not only an academic 
achievement, but also in that research and innovation determine economic growth, create new 
job opportunities and establish the progress of a country. 
The goverment of the Republic of Albania, mandated in September 2013, has immediately  
initiated concrete measures  to be taken in the field of reserch, while considering scientific 
research as a compass which can direct towards the most successful economic sectors. 
With an edict from the primeminister Mr.Edi Rama, an independent comission was 
established for the reformation of higher education and scientific research in Albania. 
After several months of  intensive work the commission has designed the first draft of the 
report on the reform, which is being discussed these days with all the interest groups and 
actors involved. After being finalized this report will serve as the base document for the new 
higher education law . 
The reform will provide concrete steps toward the quality improvement of scientific research 
in Albania. An essential element for this improvement is the development of technical 
capacities and project managing, but foremost is the international cooperation at the academic 
level. For this reason, the ministry of education and sports has undertaken the steps for the 
association of albania in the EU scientific research program, Horizon 2020. This program 
offers good opportunities for the development of scientific research at the regional and global 
level. 
Our goverment by being a part of the Horizon 2020 program and also Erasmus Plus, has 
created the opportunities that favor the internationalization of higher education and scientific 
research, promotion of student exchange, young researchers and academic staff. 
In these programs it has been clearly  stated that maximal support will be offered for the 
cooperation between native and foreign researchers. 
Also the ministry of education and sport will support scientific research programs of quality 
and inovation,  with  structural and program financing. 
Scientific research transforms every challenge into an opportunity, therefore your 
contribution is needed in protecting our biodiversity and promoting the application of 
biotechnology in creating new varieties of cultivated crops. 
Honored participants, I believe that the endeavours and collaborations in the field of science, 
research and innovation are one of the better ways in stregthening our regional partnership 
and advancing our national and regional development 
Thank you for your contribution, and I wish you further success in the proceeding of the 
conference 
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ABSTRACT 
Canola is a name applied to edible oilseed rape. This plant belongs to the 
Brassicaceae (mustard) family along with 3,000 other species. Close relatives of this crop 
have been cultivated for food since the earliest recordings of man. The name "canola" was 
registered in 1979 by the Western Canadian Oilseed Crushers Association to describe 
"double-low" varieties. Double low indicates that the processed oil contains less than 2% 
erucic acid (C22:1). Like soybean, canola contains both high oil content as well as high protein 
content. It contains about 40% oil and 23% protein compared to 20 and 40%, respectively, for 
soybean consumption. 
Commercial varieties of canola were developed from three species: Brassica napus L. 
(Argentine type), Brassica campestris L. (Polish type) and Brassica juncea L. (canola quality 
brown mustard). There are considerable differences in agronomic characteristics, yield, and 
fatty acid (FA) composition of seed oil between species and between varieties. 
The main objective of this work was identification and determination the FA composition of 
the seed oil of the two canola varieties grown in the Republic of Macedonia, during 2012. For 
that purpose, a total of hundred samples of the seeds of the two types of canola varieties were 
analyzed for the presence of total saturated fatty acid (SFA), total monounsaturated fatty 
acids (MUFA), and total polyunsaturated fatty acids (PUFA).   
The results of the study, showed different FA content among the two canola varieties. The 
canola variety type 2, was found to be high linolenic with the average content of linolenic 
acid (C18:3) 44.0% ± 2.02. The canola variety type 1, was found to be high oleic with the 
average content of oleic acid (C18:1) 59.5% ± 1.91. The average content of erucic acid (C22:1) 
was below 0.2% in the both varieties.  
The canola variety type 1 contained lower mean value of the total SFA (9.6% ± 0.56) in 
comparison with canola variety type 2, which had higher mean value of the total SFA (17.4% 
± 0.67). The canola variety type 1, had higher content of the total MUFA unlike the canola 
variety type 2. The differences in the FA composition, as well as, the total SFA, MUFA, and 
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the PUFA content, the both canola varieties had similar values of polyunsaturated/saturated 
indexes (P/S), which were found to be 3.2, and 3.4, respectively. This means that the both 
varieties of the oil had the same nutritional value.  
Keywords: Canola, fatty acid, gas chromatography, polyunsaturated / saturated index 
 
INTRODUCTION 
Canola was developed in the early 1970s using traditional plant breeding techniques by 
Canadian plant breeders to remove the anti-nutritional components (erucic acid and 
glucosinolates) from rapeseed to assure its safety for human and animal consumption. The 
canola plant also produced seeds with a very low level of saturated fat, seven percent or 
below [1]. There is an internationally regulated definition of canola that differentiates it from 
rapeseed, based upon its having less than two percent erucic acid (C22:1) and less than 30 
μmol/g glucosinolates [2]. Oilseed products that do not meet this standard cannot use the 
trademarked term "Canola." Like soybean, canola contains both high oil content as well as 
high protein content. It contains about 40% oil and 23% protein compared to 20 and 40%, 
respectively, for soybean consumption [3]. 
Commercial varieties of canola were developed from three species: Brassica napus L. 
(Argentine type), Brassica campestris L. (Polish type) and Brassica juncea L. (canola quality 
brown mustard). There are considerable differences in agronomic characteristics, yield, and 
fatty acid (FA) composition of seed oil between species and between varieties. In order to 
develop herbicide tolerance of the canola plant, and to improve quality of the canola seed, 
some different innovations have been established. Roundup Ready and Liberty Link canola 
varieties were developed using a traditional plant breeding technique called mutagenesis. 
Another innovation is the development of hybrid canola varieties. Hybrids can increase yields 
and are increasing in acreage [4].  
In the Republic of Macedonia, two different hybrids of canola varieties have been developed 
in the past decade. The main objective of our work was identification and determination the 
FA composition of the seed oil of the two canola varieties, which were grown in the Republic 
of Macedonia, during 2012.  For that purpose, a total of hundred samples of the seeds of the 
two types of canola varieties were analyzed for the presence of total saturated fatty acid 
(SFA), total monounsaturated fatty acids (MUFA), and total polyunsaturated fatty acids 
(PUFA).  The values of polyunsaturated / saturated indexes (P/S) were calculated for the both 
canola varieties. 
 
MATERIAL AND METHODS 
Materials 
A total of hundred seed samples of two different hybrids of canola varieties were collected 
from the local producers during the 2012 (canola variety type 1, n=45; canola variety type 2, 
n=55).  
Methods 
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Sample preparation  
 The total of 5 g of grinded samples was mixed with 5 g of anhydrous sodium sulphate 
(Na2SO4). An aliquot of 2 g was placed in Soxlet extractor system, and extraction was 
performed with petroleum – ether (40-69) within 24 hours. After cooling at room 
temperature, the solvent was evaporated to dryness in the stream of nitrogen.    
Preparation of fatty acid methyl esters (FAMEs) 
Fatty acid (FA) composition of the oils and fats was determined as their corresponding 
methyl esters. Preparation of FAMEs was carried out according to the modified ISO method 
(5). 0.1 - 0.2 g of oil was dissolved in 10 mL 0.2 mol/L H2SO4 prepared in anhydrous 
methanol. Esterification was performed by refluxing for 30 minutes at 100 0C in tightly 
sealed Pyrex tubes. After cooling at room temperature, 10 mL of petroleum ether (40 - 60) 
was added followed by 10 mL of deionized water, mixed gently and allowed to settle until 
the upper petroleum ether layer becomes clear. The distinct upper layer of methyl esters in 
petroleum ether was separated carefully in a capped vial and used for analysis. 2 μL of the 
petroleum ether aliquots were injected into the chromatographic column and peaks were 
recorded for their respective retention times and areas by the data processor unit of the GC. 
Identification of each individual fatty acid methyl ester was achieved by comparison with 
authentic reference standards. All solvents and standards were of analytical grade (Merck, 
Fluka). 
Chromatography 
HP model 5890 series II (plus) gas chromatograph equipped with an HP automatic liquid 
sampler and a flame-ionization detector (FID) was used either with a nonpolar fused silica 
capillary column (30 m x 0.32 mm id. x 1 µm film thickness) coated with 100% poly 
(dimethylsiloxane), commercially available as SPBTM-1 obtained from Supelco (USA). The 
carrier gas (nitrogen) flow rate was 1.5 mL/min and the split ratio was 1:10. The injection 
port was maintained at 250 0C and the FID at 280 0C. Oven temperature was set at 200 0C (1 
minute) increasing for 5 0C/min. The final oven temperature was maintained at 250 0C (20 
minutes). For confirmation of identified and determined FAMEs in oils and fats, a 
polyethylene glycol TPA modified polar column commercially available as HP-FFAP (25 m 
x 0.32 mm id x 0.52 µm) was used with the same HP model 5890 series II (plus) gas 
chromatograph. The carrier gas (nitrogen) flow rate was 1.5 mL/ min and the split ratio was 
1:10. The injection port was maintained at 230 0C and the FID at 260 0C. Oven temperature 
was set at 180 0C increasing for 2 0C/ min. The final oven temperature was maintained at 230 
0C (4 minutes). 
RESULTS AND DISCUSSION 
A total of 100 seed samples of two different hybrids of canola varieties were analyzed on the 
composition of fatty acids using gas chromatographic method. The content of following 
saturated and unsaturated fatty acids was tested in the samples: caproic acid (C6:0), caprylic 
acid (C8:0), capric acid (C10:0), lauric acid (C12:0), myristic acid (C14:0), palmitic acid (C16:0), 
stearic acid (C18:0), arachidic acid (C20:0), behenic acid (C22:0) , lignoceric acid (C24:0), oleic 
acid (C18: 1), linoleic (C18: 2), linolenic acid (C18:3), and erucic acid (C22:1). The fatty acid 
percent composition of tested seeds is shown in Table 1 and Table 2, respectively. The mean 
of total saturated fatty acid (SFA), monounsaturated fatty acids (MUFA), polyunsaturated 
fatty acids (PUFA) and the values of polyunsaturated/saturated indexes (P/S) are shown in 
Table 3. 
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The results of the determination of FA composition (Table 1) indicate that the seeds of both 
canola varieties have low content of saturated FA with the predominant presence of C16:0 and 
C18:0. The level of C18:0 in the seeds of the canola variety type 1 was 4.4%±1.4 of the total FA, 
and 6.9%±1.6 of the total FA in seeds of canola variety type 2. Although it is classified as a 
SFA, data accumulated during the past years indicate that C18:0 is unique among the SFAs in 
the food supply [6]. Unlike other predominant long-chain SFA: C16:0, C14:0, and C 12:0 which 
increase blood cholesterol levels, C18:0 has been shown to have a neutral effect on blood total 
and low density lipoprotein (LDL) cholesterol levels [6,7].  
Table 1. Saturated fatty acid composition of canola seeds of two varieties   
Type of 
Canola 
variety 
Mean ±SD 
 C6:0 
(%) 
C8:0 
(%) 
C10:0 
(%) 
C12:0 
(%) 
C14:0 
(%) 
C16:0 
(%) 
C18:0 
(%) 
C20:0 
(%) 
C22:0 
(%) 
C24:0 
(%) 
Canola  
type 1 
(n=45) 
<0.1 <0.1 <0.1 <0.1 <0.1 5.2±0.6 4.4±1.
4 
<0.2 <0.2 <0.1 
Canola  
type 2 
(n=55) 
<0.1 <0.1 <0.1 <0.1 <0.1 10.5±2.5 6.9±1.
6 
<0.2 <0.2 <0.1 
 
The obtained results for the unsaturated FA (Table 2) composition of the seed oil, showed the 
predominant presence of C18:1 in the seed oil of canola variety type 1 which was found to be 
59.5% ± 1.91 of the total FA. It is known that the consumption of C18:1 is effective in 
lowering LDL cholesterol level. The predominant presence of C18:3 (44.0% ± 2.02) was found 
in the seed oil of canola variety type 2. One of the most interesting yet controversial dietary 
approaches has been the possible prophylactic role of dietary γ-linolenic acid (GLA) in 
treating various chronic diseases   states. This strategy is based on the ability of diet to 
modify cellular lipid composition and eicosanoid (cyclooxygenase and lipoxygenase) 
biosynthesis [8].  
C22:1 is a MUFA which is a major constituent of certain oils, such as rapeseed oil. Because it 
has been linked to cardiac muscle damage, oil such as canola oil that are low in C22:1 was 
developed. In our studies, the seeds of the both canola varieties had low content of C22:1. 
Table 2. Unsaturated fatty acid composition of canola seeds of two varieties   
Type of 
Canola 
variety 
Mean ±SD 
 C18:1 (%) C18:2 (%) C18:3 (%) C22:1 (%) 
Canola  
type 1 
(n=45) 
59.5 ± 1.91 18.8 ± 3.5 11.9 ± 1.1 0.11±0.05 
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Canola  
type 2 
(n=55) 
23.2 ± 2.9 15.2 ± 3.6 44.0 ± 2.02 0.18±0.09 
All samples presented total SFA content less than one fourth of the total FA content (Table 
3). It is known that the excessive consumption of SFA is related to the increase of the 
plasmatic cholesterol and the obesity [9]. On the other hand, the consumption of PUFA and 
MUFA has been recommended to improve the lipid profile in relation to the saturated SFA. 
Yu-Poth et al. indicate that the rich diets in PUFA may provoke an increase in the LDL - 
cholesterol oxidation and the reduction of the HDL -cholesterol levels [10]. There is a 
tendency in increasing the recommendations of MUFA consumption, that seems not to affect 
the HDL levels, and also it may reduce the LDL and triacylglycerols blood levels, that make 
it more effective in prevention of hearth diseases. Canola oil variety 1 showed high content of 
MUFA (59.5 ± 1.91) and canola oil variety 2 showed hight content of PUFA (59.2 ±1.1).  
Table 3. The content of SFA, MUFA, PUFA and the values of P/S indexes in two types of 
canola varieties 
Type of 
Canola 
variety 
Mean ±SD 
 
P/S 
 SFA (%) MUFA (%) PUFA (%) index 
Canola  
type 1 
(n=45) 
9.6 ± 0.56 59.5 ± 1.91 30.7 ± 1.7 3.2 
Canola  
type 2 
(n=55) 
17.4 ± 0.67 23.2 ± 2.9 59.2 ± 1.1 3.4 
 
The relationship between saturated and polyunsaturated FA content is expressed as P/S index. 
This value is an important parameter for determination of nutritional value of certain oil. Oils 
and fats with higher value of P/S index than 1 are considered to have nutritional value. 
Several studies indicate that higher value of P/S index means a smaller deposition of lipids in 
the body [11]. The results of our investigations (Table 3) showed that the both canola 
varieties had similar values of polyunsaturated/saturated indexes (P/S), which were found to 
be 3.2, and 3.4, respectively. This means that the both varieties of the oil had the same 
nutritional value.  
 
CONCLUSIONS 
The canola plant was developed in order to produce edible oil that contains much lower 
levels of erucic acid (C22:1) than rapeseed oil. Canola oil derived from the seeds of the canola 
plant, the genetically engineered rapeseed plant or the canola hybrids, has been considered 
for human consumption. The types of fatty acids determine whether a vegetable oil is used 
for edible or industrial purposes. 
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In our investigations the FA composition of the seed oil obtained from two types of canola 
hybrids was analyzed. The canola variety type 2, was found to be high linolenic with the 
average content of linolenic acid (C18:3) of 44.0% ± 2.02. The canola variety type 1, was 
found to be high oleic with the average content of oleic acid (C18:1) 59.5% ± 1.91. The 
average content of (C22:1) was below 0.2% in the both types.  
The canola variety type 1 contained lower mean value of the total SFA in comparison with 
canola variety type 2, which had higher mean value of the total SFA. The canola variety type 
1, had higher content of the total MUFA unlike the canola variety type 2. Besides the 
differences in the FA composition, as well as, the total SFA, MUFA, and the PUFA content, 
the both canola varieties had similar values of polyunsaturated/saturated indexes (P/S). This 
means that the both varieties of the oil had the same nutritional value.  
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